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L-Selectin Contrast Media 

The invention relates to the field of contrast media for 
imaging diagnosis and describes new contrast media for 
visualization of lymph node changes and inflammatory processes as 
well as pathological changes that are associated with the 
specific expression of endothelial and/or leukocytic ligands. 

Endothelial and leukocytic ligands are defined below as the 
ligands in lymph nodes Sgp5 0/GlyCAM- 1 (Imai et al . , 1993), CD34 
(Baumheter et al . , 1993), MadCAM-1 (Berg et al . , 1993), Sgp200 
(Hemmerich et al . , 1994), the ligands in leukocytes PSGL-1 (Moore 
et al., 1992) and KGla ligand (Sackstein et al . , 1997), as well 
as the L-selectin ligands in inflamed vascular endothelia 
(Zakrzewicz et al . , 1997; Girard and Springer, 1995). 

As imaging processes, nuclear spin tomography, ultrasonic 
imaging, imaging with use of x rays (x-ray or computer 
tomography), scintigraphic imaging with use of radionuclides 
(gamma camera imaging, SPECT, PET) , and imaging by means of near- 
infrared radiation (NIR radiation) are used. 

Up until now, lymph node changes have been diagnosed by 
means of imaging with use of x rays (computer tomography) based 
on volume increase or are visualized in nuclear spin tomography 
by administration of contrast media that are taken up non- 
specifically by macrophage populations of the lymph node 
(magnetites or high-molecular gadolinium-containing contrast 
media for magnetic resonance imaging) . 
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Up until now, inflammatory processes have been visualized 
non-specif ically by the detection, either directly or with 
assisting contrast medium administration, of the increased 
discharge of plasma liquid into the inflamed tissue. As an 
alternative, such processes can also be diagnosed by leukocyte 
populations, which were labeled in vitro or in vivo beforehand 
with suitable signal molecules. As signal molecules, in this 
case, specific radionuclide-labeled antibodies are used against 
leukocyte surface antigens or magnetites that were phagocytized 
in vitro by certain leukocyte populations. 

All of these processes attempt to visualize lymph node 
changes and inflammatory processes indirectly. 

At present, there exists no demonstrably functioning direct 
and specific detection of changes in lymph nodes and inflammatory 
processes as well as pathological changes that are associated 
with the specific expression of endothelial ligands, by means of 
imaging diagnosis. 

International Patent Application WO 93/06835 describes an 
adhesion molecule for leukocytes, so-called L-Selectin, and 
provides details on its use for the visualization of inflammatory 
processes. In particular, the structure of the cDNA-nucleotide 
sequence of this molecule and the corresponding amino acid 
sequence is disclosed. It is proposed to use this protein as a 
contrast medium for visualizing inflammatory processes by the 
protein being labeled with radionuclides or paramagnetic 
substances. A detailed description of the production of such 
contrast media is lacking, however. There are no details on how 
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the labeling of the proteins is to take place, and also no 
examples that the labeled proteins actually show in vivo the 
desired effects. 

As before, there is a great need for specific contrast media 
for the visualization of lymph node changes or inflammatory 
processes as well as a need for specific media for visualizing 
pathological changes, which are associated with the specific 
expression of endothelial ligands. 

The object of this invention is therefore to provide these 
specific contrast media as well as process for their production. 

This object is achieved with the new contrast media and the 
process for their production. 

The new contrast media contain a receptor, e.g., adhesion 
molecules, such as the L-selectin molecule, in its biologically 
correct spatial orientation, so that the contrast medium can bind 
specifically and selectively to endothelial ligands. 
Biologically correct orientation means that the N-terminal 
protein end with the ligand-bindable lectin domain points outward 
away from the cell or from a vehicle or the signal unit, while 
the C-terminal protein end of the complete protein sequence or a 
shortened protein sequence points into the cell or inward toward 
the cell or toward a vehicle or toward the signal unit. The term 
receptor is defined as a molecular unit, which binds specifically 
to the above-defined endothelial and leukocytic ligands. 

The finding that the contrast medium then binds especially 
well to its target structure if the receptor is present as a 
multimer was especially surprising. This means that the contrast 



medium then preferably binds to the endothelial ligands, if at 
least two adhesion molecules, e.g., two L-selectin molecules, are 
defined and are coupled pointing at a signal unit. 

The invention therefore relates to contrast media for 
visualizing lymph node changes, inflammatory processes or 
pathological changes, which are associated with the specific 
expression of endothelial ligands and which are characterized in 
that a receptor, a receptor fragment or a group of receptors for 
specifically expressed endothelial and/or leukocytic ligands are 
coupled in a defined orientation to a signal unit. The receptor 
is preferably an L-selectin molecule, an L-selectin derivative or 
a fragment of L-selectin. The signal units vary depending on the 
application: for nuclear spin tomography, the signal unit must 
consist of paramagnetic or superparamagnetic particles; 
superparamagnetic iron oxide particles are preferred. For this 
application, gadolinium complexes or other paramagnetic metal 
complexes can also be used. For imaging by means of x rays, 
iodine-containing molecules or those with heavy metal atoms are 
preferably used. For ultrasonic imaging, stabilized gas bubbles 
are used. In radiodiagnosis , radionuclides are used as a signal 
unit. Finally, near- infrared dyes can be used as signal units 
for contrast media in near- infrared diagnosis. 

The multimerization of the receptor can be carried out in 
two different ways. First, several receptors (e.g., L-selectin) 
can be defined and can be coupled pointing at a signal unit. 
Second, multimerized receptors (e.g., multimeric L-selectin) can 
already be coupled to the signal unit. 



a) Directed Coupling of the Receptor to the Signal Unit 

To make possible a directed coupling of monomeric L- 
selectins to particulate vehicles, protein forms were made that 
are provided on the C- terminus with a coupling group to ensure 
the correct spatial orientation (Example 2). A coupling 
structure, which optimally meets the requirements of high 
affinity and small size, is the polyhistidine tag (multi-His, 
e.g., that consists of 4 or more histidine molecules), which 
interacts with Ni- or Co-complexed chelating agents (simplified 
nickel chelating agents are mentioned below) . 

The directed coupling can be carried out by a multi-His- 
tagged selectin being bonded to a suitable chelating agent via, 
e.g., Ni 2+ ions. For this purpose, the chelating agents are 
coupled to the signal unit. If the signal unit is a 
f errimagnetic nanopart icle , such as, e.g., a dextran magnetite, 
the coupling is carried out by oxidation with sodium periodate. 
The coupling chemistry is based on the oxidation of diol groups, 
which are present in carboxydextran . Since such diol groups are 
also present in starch, those f errimagnetic nanoparticles are 
also suitable whose shell materials consist of starch, 
carboxydextran or comparable materials. In addition, the 
chelating agents can be coupled to non-radioactive and 
radioactive colloid particles that are coated with dextran or 
comparable shell materials. The chelating agents can also be 
coupled to compact or filled surface-modified polymer spheres. 
The filling of the polymer spheres can consist of a gas, an x- 
ray-opaque material, a radioactive substance or fluorescent 
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dyes, such as, e.g., NIR-dyes. The chelating agents can also be 
coupled to dendrimer structures, which in turn are doped with 
fluorescent dyes; x-ray-opaque, paramagnetic, f errimagnet ic 
signal units or with gas-filled surface-modified polymeric signal 
molecules . 

The chelating agents that are coupled to particulate 
vehicles (nanoparticles , colloid particles, polymer spheres) , 
which make possible the binding to the multi-His-modif ied 
receptors, can contain radioactive metals or metal ions, which 
emit a signal in diagnostic imaging. 

The directed coupling of selectins can be achieved in 
addition by other molecular properties. Thus, for example, the 
signal units can carry streptavidin or other avidin variants on 
their surface or in their structure and bind biotinylated 
selectins and vice versa. A selectin-specif ic antibody can also 
be coupled to the signal units, which binds outside of the active 
center of the selectin and thus does not destroy its bonding 
ability after coupling to the signal particles. Another process 
for the production of contrast media according to the invention 
therefore consists in that the C-terminus of an L-selectin 
molecule is coupled to a streptavidin, avidin or biotin molecule, 
the signal unit contains a biotin, streptavidin or avidin 
molecule, and the coupling is produced by the specific bond 
between streptavidin and biotin or avidin and biotin when the L- 
selectin molecules are combined with the signal unit. 
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b) Coupling with the Aid of Multimerized Receptors 

A second way of coupling L-selectin molecules pointed at a 
signal unit is to use L-selectin chimera (Example 3). L- 
Selectin-IG chimera consist of L-selectin and immunoglobulin 
domains. In this case, the type of immunoglobulin fragment (Ig) 
that is used determines the degree of multimerizat ion of the 
chimera: Ig of the Y~ class carry 2 Fab fragments, which were 
exchanged for L-selectin. Thus, L-selectin-IgG chimera carry 2 
L-selectin fragments per molecule. 

Ig of the /x-class carry up to 10 Fab fragments, which were 
exchanged for L-selectin. The L-selectin-IgM chimera 
consequently carry up to 10 L-selectin fragments per molecule. 
The distance of the ligand binding centers of the L-selectins in * 
the chimera subunits corresponds to the original distance of the 
Fab fragments and is in general between 1 and 8 nm, in most cases 
about 5 nm. 

Chimera molecules can also be formed from L-selectin and 
other multimerizing proteins. The mannose-binding protein, 
consisting of 4 subunits, thus can be doped with 4 L-selectin 
units. The cartilage oligomeric matrix protein (COMP, Tomschy et 
al . , 1996) in turn consists of 5 subunits, which can be linked by 
N-terminal with the C-terminal end of the L-selectin. 

The chimera molecules that consist of selectin and the Fc 
portion of antibodies can be bonded either via an antibody 
against the Fc portion or via protein A, protein L or protein 
G -- bacterial cell wall molecules, which bind to the Fc portion 
of immunoglobulins -- pointing (and already multimerized) toward 
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particle surfaces. The coupling of protein G to the surface of 
dextran magnetites is described in Example 14. 

All above-mentioned chimera molecules that consist of 
selectin and a multimerizat ion portion can have further 
modifications on the C-terminal end, e.g., a multi-His tag 
(Example 4) to which in turn chelating agents can bind, which are 
coupled in turn to signal units, as described in Example 5. 

Various signal units are associated with the receptor or the 
receptor groups, depending on in which diagnostic process the 
contrast medium is to be used. 

For example, as signal units, f errimagnetic particles 
(magnetites, ferrites, cobalt ferrites, i.a.) can be used, which 
consist of a monocrystalline f errimagnetic core and a shell 
(Examples 13 and 14) . The shell is connected covalently to the 
core or encloses the core completely without a direct chemical 
bond. The shell can consist of dextran, starch or low- or high- 
molecular aliphatic or aromatic . chains . The shell either 
directly has at its disposal functional groups (amino, carboxyl, 
thiol groups, i.a.), which can be used for further coupling, or 
groups that are f unctionalized after chemical activation for 
further coupling. Such compounds are described in, e.g., WO 
92/12735, WO 92/22586, EP 0 186 616 and US 4,101,435. 

Compounds can also be used that consist of the combination 
of f errimagnetic particles and compounds that are covalently 
coupled thereto, whereby the covalently coupled compounds can be 
provided with functional groups or can contain longer-chain 
dopable aliphatic compounds. 



As signal units, paramagnetic metals and metal compounds can 
also be used (especially gadolinium complexes) . In this case, 
the metal atom is complexed by a chelating agent that has further 
functional groups (amino, carboxyl, thiol groups, i.a.) that are 
mediated, moreover, directly or via a vehicle and that can be 
used for further coupling. In this case, the chelating agent can 
also be doped with dendrimers (Example 15) , as they are described 
in, e.g., DE 43 444 60. 

The above-mentioned requirements are also met by compounds 
that consist of the combination of chelating agent and another 
element, which for its part has functional groups that can be 
used for further coupling. According to the invention, dopable 
dendrimers, dopable longer-chain aliphatic compounds, or dopable 
particles with a diameter of 4-200 nm, consisting of magnetites, 
polystyrene, dextran, starch, etc., can be used as such elements. 

As signal units, x-ray-opaque molecules (e.g., iodine 
compounds), metals, metal compounds and colloids (e.g., colloidal 
gold particles, see Example 6, 7 or 12) can be used. In this 
connection, the receptors or receptor groups are associated 
directly or indirectly with the x-ray-opaque substances 
analogously to the above-mentioned. Thus, iodine-containing 
compounds with coupling groups are used, to which chelating 
agents for binding multi-His-L-selectrins or Fc-binding 
substances for binding L-selectin chimera were coupled. 
Indirectly connected means that the x-ray-opaque molecules are 
stored in the signal units, whereby the latter are directly 
connected to the receptors or receptor groups. 



As signal units, radioactive molecules, metals, metal 
compounds and colloids (e.g., colloidal 198 Au particles or 199 Au 
particles, see Examples 10 and 11) , which are bonded to the 
receptors or receptor groups analogously to the above-mentioned, 
can be used. 

The binding of L-selectin to its ligands is carried out 
preferably under the influence of shearing force (Finger et al . , 
1996) . If particulate signal units are coupled to L-selectin, 
additional shearing forces are induced that result in an improved 
binding of the L- select in-par tide construct in comparison to 
pure L-selectin (see Example 8) . 

As signal units, fluorescent dyes (e.g., NIR dyes) can be 
used. These can be coupled either directly to the receptors or 
receptor groups analogously to the above-mentioned or indirectly 
to the latter (Examples 18 and 19) . The dyes in the dendrimers 
thus can be doped, bonded in compact or hollow dye-containing 
polymer particles or coupled directly to substances (protein A, 
protein L, protein G or specific antibodies directed against the 
multimerization domains) , which in turn bind to the 
multimerization domains of chimera L-selectin molecules. 
Suitable dye molecules and production thereof are described in, 
e.g., WO 96/17628 . 

As signal units, gas-filled, surface-modified polymer 
spheres can be used, which are coupled to the receptors or 
receptor groups analogously to the above-mentioned (see Examples 
20 to 22) . 



11 



-8 C? c# «. 



Examples 

The following examples explain the invention. 

Example 1: Cloning and Expression of L- Select in 

A clone that contains the entire coding area of L-selectin 
and is flanked by 5'- and 3 ' -non- translated areas was isolated 
from the IgtlO cDNA bank of the human lymphoma cell line Ra j i . 
The latter was integrated in the pCRII vector of the TA-Cloning 
System (R) . The construct resulting therefrom was referred to as 
LamTA4 and formed the basis for the production of L-selectin 
constructs. This produces the abbreviation for naming the L- 
selectin construct from the cloned sequence section (see also 
International Patent Application WO 93/06835) . "sL" stands for 
"soluble" L-selectin, which corresponds to the soluble form of 
the molecule, as it occurs in human serum. This form contains 
the lectin domains, and the EGF and 2 SCR domains. The. latter 
lacks, however, the cytoplasmatic domain and the transmembrane 
domain, whereby in the construction, the physiological interface, 
in which sL-selectin is separated from the cell surface 
proteolytically, is maintained. The sL fragment was generated by 
means of PCR from starting clone LamTA4 and is integrated again 
in vector pCRII of the TA-Cloning System (R) . The recombinant sL- 
selectin was- produced as follows in a glycosylated form. The sL- 
selectin sequence section was cloned in vector pCR3 . 1 of the TA 
cloning System (R) for the expression in K562 cells and in vector 
pMPSV-HE for the expression in BHK cells. 
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Then, clones were isolated and selected by means of 
geniticin (in the case of the pCR3 . I vector) or after co- 
transfection with puromycin-resistance-mediating vectors (in the 
case of the pMPSV-HE vector) . The culture supernatants of L- 
selectin-secreting K562 or BHK cells were purified by means of 
immunoaf f inity chromatography on CNBr-activated sepharose matrix, 
to which the antibody DREG200 (Kishimoto et al . , 1990) was 
bonded. The quantification of the amounts of L-selectin to 
determine the yield was carried out by means of ELISA with use of 
the antibodies DREG200 and DREG55 (Kishimoto et al ., 1990). 

Example 2: Cloning and Expression of Multi-His-L-Selectin 

With use of a partially complementary PCR primer, which in 
addition carries the sequence of six histidines (multi-His) , an 
L-selectin construct with a C-terminal coupling group was 
generated starting from the original clone LamTA4 (see Example 
1) . The sL-selectin-multi-His fragment (codes the protein multi- 
His-L-selectin) was cloned in expression vectors pCR 3.1 
(invitrogen) and with consideration of the reading grid in SRa- 
GS-Seq (Berlex Lab., Inc.) and the Baculo Transfer Vector pBBS 
250 (Berlex Lab., Inc.). BHK cells. were transfixed with a multi- 
His-sL-selectin construct with the addition of a geniticin- 
resistance-mediating vector. Clones were isolated that secrete 
the protein multi-His-L-selectin in the culture supernatants. 

The multi-His-sL-selectin construct in the Baculo transfer 
vector was converted to the expression of multi-His-L-selectin in 
insect cells and then transferred into the viral genome. With 
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these recombinant viruses, Sf9, High Five™ and Estigmene acrea 
cells were infected. The recombinant proteins were, as described 
in Example 1, purified by means of immunoaf f inity chromatography 
on DREG2 0 0. 

Example 3: Production and Expression of L-Selectin-Ig Chimera 

The L-selectin-IgG chimera, which carry 2 L-selectins per 
molecule, were produced starting from the following constructs: 
Mouse-L-selectin-human-IgG chimera (hlgG-mLS) in the pCMV5 
expression vector (Wat son et al . , 1990), rat -L- select in-human- IgG 
chimera (higG-rLS) in the pCDM8- express ion vector (Tamatani et 
al., 1993), human-L- select in-human-TgG chimera (hlgG-hLS) in the 
pCMV5 -expression vector (Mebius and Watson, 1993) . 
Immunoglobulins of the /i-class carry 5 ^-globulin molecules that 
are arranged in the shape of a star and thus carry 10 Fab 
fragments that have been exchanged for L-selectin. L-Selectin- 
IgM chimera thus carry 10 L-selectin fragments per molecule. 
Starting from a construct in the pCDM8 -expression vector, the 
mouse-L-selectin-human-IgM chimera was produced (Maly et al . , 
1996) . 

The recombinant expression vectors were amplified in E. 
coli, purified and then transfixed in eukaryotic cells. 

The recombinant vectors of the mouse-L-selectin-human-IgM 
chimera were co- transfixed in COS-7 and in CHO-K1 cells with a 
geniticin-resistance-mediating vector. Stably producing clones 
of both cell lines were isolated. In addition, the cDNA 
fragment, which codes for the chimera protein, was cut out with 
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restriction endonucleases from the vector pCMD8 and subcloned in 
the vector pcDNA3 . With this construct, HEK293 cells were 
transfixed and clones were isolated. The purification of the 
hlgM-mLS chimeras was carried out by means of immunoaf f inity 
chromatography on MEL-14 (Bowen et al . , 1990). The production 
and purification of chimeras was monitored by means of ELISAs 
(MEL-14 as a capturing antibody and anti-hlgG-phosphatase as a 
detection antibody) . 

The IgG chimera (human, rat and mouse-L-selectin-human-IgG 
chimera) were produced by co- transf ection with vector pcDNA3 in 
stably producing HEK2 93 and CHO-K1 cells. The purification of 
the hlgG-LS chimeras was carried out by means of affinity 
chromatography on protein G (Pharmacia) : After the culture 
supernatant was applied on the column, the matrix was washed with 
2 0 mmol of sodium phosphate (pH 7.0) . It was eluted with 0.1 M 
glycine (pH 2.5), and the eluates were neutralized with saturated 
K 2 HP0 4 solution. 

Example 4; Production and Expression of L-Selectin-Ig-Multi-His- 
Chimera 

The mouse-L-selectin-human-IgG chimera (hlgG-mLS) in the 
pCMV5 -expression vector (see Example 3) was extended by a C- 
terminal histidine coupling group that attaches to the Fc 
fragment of the chimera with use of a partially complementary PCR 
primer, which in addition carries the sequence of six histidines 
(multi-His) (see Example 2) . The amplification, purification and 
transf ection of the recombinant expression vector as well as the 
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isolation of stably producing HEK2 93 cell clones was carried out 
just like the production and purification of the multi-His 
chimera analogously to the procedure described in Example 3 . 

Example 5: Synthesis of Radioactive Chelating Agent-Signal Units 
and Coupling of Multi-His-L-Selectins as Scintigraphic Contrast 
Media 

I. a., calcein and Newport Green (Molecular Probes , Inc.) are 
nickel ion-complexing chelating agents that can bind to multi-His 
proteins. Moreover, calcein and Newport Green can be iodized and 
can thus be used as signal units for scintigraphic imaging. With 
1 nmol of Newport Green, 10 /xl of 0.25 M phosphate buffer, pH 
6.5-7.5 (iodizing buffer) which contained 0.2 mCi of Na 123 I as 
well as 5 /xl of chloramine T (8 mg/ml in iodizing buffer) were 
incubated for 2 minutes at room temperature. The reaction was 
completed by adding 10 /xl of Na 2 S 2 0 5 (8 mg/ml in iodizing buffer) 
as well as 100 /xl of Nal (2 mg/ml in iodizing buffer) . Then, 1 
nmol of L-selectin-IgG-multi-His chimera (produced according to 
Example 4) and 1 /xl of 5 0 mmol of Ni acetate (50 nmol) were added 
to the iodized Newport Green. After 2 0 minutes of incubation at 
room temperature, the product (L-selectin- IgG-multi-His chimera) - 
(Ni) - (Newport Green) - ( 123 I) was purified on a PD10 column in 
phosphate buffer from the low-molecular substances (nickel ions, 
unbonded Newport Green as well as iodizing reactives) . 
Preserving the bonding ability of the iodized l-selectin chimera 
was detected in cryosections with subsequent 
microautoradiography . 
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Example 6 : Synthesis of Colloidal Gold 

- For a 100 ml batch, 80 ml of distilled water and 50 fil of 
20% HAuCl 4 were introduced and heated to 60°C. After a solution 
that contains 4 ml of 1% Na citrate, 18 ml of distilled water and 
80 [il of 1% tannin was added, the reaction mixture was heated to 
95°C for 10 minutes. The changing of the solution's color from 
yellow to red shows the formation of colloid particles. The 
product was cooled and sterilized by filtration. The diameter of 
the colloids was 8-12 nm. 

Example 7: Synthesis of L-Selectin-Ig-Chimera-Protein G- 
Colloidal Gold Constructs 

300 fil of protein G (2 mg/ml in distilled water) was added 
for 1 hour at room temperature to 10 ml of colloidal gold (for 
production, see Example 6) . Free unbonded protein G that is 
present in the solution was separated by repeated washing from 
buffer (10 mmol of HEPES, pH 7.4, 150 mmol of NaCl) by means of 
centrifuging at 30,000 g with a Sprvall 80AT3 rotor. The protein 
G-gold colloids were taken up in 300 /zl of buffer. By tracer 
measurements, it was possible to show that about 15 protein G- 
molecules were bonded to a 10 nm colloidal gold particle. Then, 
the IgG-selectin chimeras were coupled to these constructs. 50 
fig of mouse or rat-L-selectin-IgG chimera were added to 300 /il 
each of protein G-colloidal gold. After 1 hour of incubation at 
room temperature, about 80-90% of the amount of chimera used 
could be bonded to the protein G-gold colloids. The bonding 
ability of the IgG-selectin chimera-protein G-gold colloid 



constructs . to L-selectin ligands was shown in frozen sections of 
peripheral lymph nodes and subsequent silver staining. 

Example 8: Surface Plasmon Resonance (SPR) Measurements with L- 
Selectin-Ig-Chimera-Protein G-Colloidal Gold Constructs 

Mouse- or rat-L-selectin chimera-protein G-gold colloid 
constructs (for production, see Example 7) were diluted one 
hundred times with BIAcore running buffer HBS+Ca 2+ (10 mmol of 
HEPES, pH 7.4/ 150 mmol of NaCl ; 0.005% P20; I mmol of CaCl 2 ) . 
As a negative control, the constructs were diluted in HBs without 
the addition of Ca 2 ' . Then, the substances were added via an SA- 
Pioneer Chip (BIAcore 2000/BIAcore AB, Freiburg) at a flow rate 
of 20 /xl/minute. The flow cells were previously charged with 100 
RU of multivalent polyacrylamide-biot in-derivatized ligands in 
each case (Syntesome GmbH, Munich) : Fc-1 = N-acetyllactosamine 
(negative control) , Fc-2 = sialyl -Lewis* (L-selectin ligand) , Fc- 
3 = sulf o-tyrosine-sialyl-Lewis* (optimized L-selectin ligand) . 
The binding of the L-selectin chimera-gold colloid constructs was 
carried out exclusively in the presence of calcium ions on Fc-2 
with 250 RU, on Fc-3 with 700 RU. Without the addition of 
calcium or with use of pure L-selectin chimera (without gold 
colloid concentration) , no bond or measuring signal was detected 
in the range of 1 RU. 



Example 9: Active Detection with L-Selectin-Ig-Chimera-Protein 
G-Gold Colloid Constructs 

NMRI mice: Each animal was intravenously injected with 12 
fig of mouse- or rat-L- selectin- chimera protein G-gold colloid 
constructs (for production see Example 7; amount of substance 
relative to the L-selection chimera portion) or, as a control, 
uncharged protein G-gold colloid constructs. At various times, 
the peripheral lymph nodes were removed and analyzed in frozen 
sections with subsequent silver staining. Immediately after the 
"first pass" up to a period of 30 minutes after injection, gold 
colloids on the luminal side of the high-endothelial venules in 
the lymph nodes could be detected in the case of animals treated 
with selectin chimera constructs. Animals that obtained the 
control substance did not show any gold colloids whatsoever in 
the lymph nodes. 

Example 10: Synthesis of 198Au-Colloid Protein G-L-Selectin-Ig- 
Chimera Constructs (as Scintigraphic Contrast Media) 

100 \ig of the L-selectin-Ig-chimera protein G-gold colloid 
constructs (for production, see Example 7) was irradiated in the 
neutron ray activation unit of the nuclear reactor BERII in 
distilled water until a specific activity of 300-500 MBq/100 /xg 
relative to the L-selectin portion was achieved. 



Example 11: In- Vivo- Scintigraphic Measurement after 
Administration of 1231-Newport Green-L-Selectin Contrast Media or 
198Au-Colloid-Protein G-L-Selectin-Ig-Chimera Contrast Media 

The rabbits were anesthetized with ketamine/xylazine.. The 
constructs according to Example 10 were intravenously injected 
with a specific activity of 300-500 MBq/100 /xg relative to the L- 
selectin portion. By means of dynamic measurement on a minute 
cycle and ultimately with a static measurement after 30 minutes, 
the animals were examined with the gamma camera SP4HR (Elscint, 
now General Electric) . In this case, primarily the lymph nodes 
were studied. The animals were positioned under the camera, and 
the first study was carried out before the contrast medium was 
administered. Subsequent to the injection, the animal was 
examined at various above-mentioned times. In this case, an APC 
3 -collimator was used for the imaging with 123 iodine isotopes, and 
an APC 6 -collimator was used for the visualization of the 198 Au 
isotopes. Position, size and appearance of the individual lymph 
nodes were determined. 

Example 12: In-Vivo-X- Ray- Imaging after L-Selectin-Ig-Chimera- 
Protein G-Gold Colloid Contrast Media are Administered 

The animals (mice) were anesthetized i.p. with 0.05 ml of 
ketamine/Rompun (2:1). In each case, 25 fig of the L-selectin- Ig- 
chimera-protein G-gold colloids (produced according to Example 7) 
or protein G-gold colloids (as a negative control) were injected 
intravenously. After 3 0 minutes, the animals were examined with 
a 7x zooming mammography (Picker) , and the cervical and popliteal 



lymph nodes were visualized at 25 kV and 10 mAs irradiation. The 
visualization of the contrast medium concentration in the lymph 
nodes was carried out at 45 kV and 4.5 mAs irradiation. 

Example 13: Synthesis of Particulate Chelating Agent-Magnetites 
and Coupling of Multi-His-L-Selectin as a Magnetic Resonance 
Contrast Medium 

Coupling of NTA (Nitrilotriacet ic acid derivative; a-N- [bis- 
carboxymethyl-] lysine) to dextran magnetites 

The dextran magnetites (US 4,101,435) were oxidized in 
aqueous solution with a 31x partial excess of sodium periodate 
(relative to the carboxydextran of the dextran magnetite shell) 
for 3 0 minutes while being stirred in the dark at room 
temperature. Then, the sodium periodate was separated 
quantitatively via a gel filtration. The dextran magnetites were 
eluted in phosphate buffer (0.1 M phosphate buffer, pH 7.0) . 
Then, NTA was added to the oxidized dextran magnetites and 
incubated for 2 hours at room temperature while being shaken 
intermittently in the dark. In this case, it was possible to 
couple NTA in excess to the dextran magnetites. Then, 1/10 volume 
of the reducing agent dimethylborane (150 mmol in H 2 0) was added 
and incubated for another 2 hours at room temperature while being 
shaken intermittently in the dark. The last step was repeated, 
followed by an incubation at 4°C overnight. The separation of 
the unbonded NTA from NTA that is bonded to the surface of the 
dextran magnetites was carried out via gel filtration or 
ultrafiltration. The dextran magnetites were eluted in PBS or in 
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0.1 M HEPES (in each case pH 7.0-7.4) and stabilized by the 
addition of 5 mg/ml of carboxydext ran ( final concentration). The 
particles were sterilized by filtration, and sodium azide was 
added in a final concentration of 0.1%. Then, the iron content 
of the suspension as well as the mean particle size of the 
particles were determined. 

To examine the coupling efficiency of the NTA on the 
particle surface, the dextran magnetites were first incubated 
with 10 mmol of EDTA in PBS or 0 . 1 M HEPES for 1 hour at room 
temperature while being shaken intermittently. Then, the EDTA 
was separated via gel filtration or ultrafiltration, and the 
sample was incubated with Co 2+ , Ni 2+ or comparable divalent ions, 
which are complexed by the chelating agent. Excess ions were 
then separated via gel filtration or ultrafiltration from the 
particles. It was possible to determine the number of NTA 
molecules bonded to the particle surface by an ICP measurement of 
the bonded ions in the case of subtraction of the ions, which 
bind to unmodified dextran magnetites. 

Coupling of Multi-His-L-Selectin to NTA-Dextran Magnetites 

The NTA- carrying dextran magnetites were first incubated 
with Ni 2+ ions (ions, or the like) and then incubated with multi- 
His-tagged selectin molecules in PBS or 0 . 1 M HEPES with 0.2% 
milk (for reduction of non-specific bonds) for 10 minutes at room 
temperature. Unbonded selectin molecules were separated via 
suitable ultrafiltration units or via magnetic columns (Miltenyi 
Biotec) when a magnetic field is employed) . The resulting 



contrast medium constructs were examined in vitro for their 
bonding ability, e.g., in the frozen sections of peripheral mouse 
lymph nodes, and could then be used for in-vivo experiments for 
imaging . 

Example 14: Synthesis of Protein G-Magnetites and Coupling of L- 
Selectin- Ig Chimeras 

Coupling of Protein G to Dextran Magnetites 

The dextran magnetites were first described as in the above 
example, oxidized with sodium periodate . Excess sodium periodate 
was separated via gel filtration, and the dextran magnetites were 
eluted in sodium acetate buffer (100 mmol of sodium acetate 
buffer, pH 3.9). 

Then, protein G was added and incubated for 2 hours at room 
temperature in the dark while being shaken intermittently. The 
reduction with dimethylborane was carried out as described in the 
example above. Before the incubation, which occurs overnight, 5 
mg/ml of carboxydextran (final concentration) was added in 
addition to stabilize the particles. The separation of the 
unbonded protein G was carried out via ultrafiltration. The 
particles were sterilized by filtration, and sodium azide was 
added in a final concentration of 0.1%. Then, the iron content 
of the suspension and the particle size of the particles was 
determined. It was possible to determine the coupling efficiency 
by the test being performed in the presence of smaller amounts of 
radiolabeled protein G. 
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Coupling of L- Select in- Ig Chimeras 

Then, the dextran magnetites that carry protein G were 
incubated with the IgG-selectin chimera for at least 2 hours at 
room temperature or overnight at 4°C. The resulting contrast 
medium constructs were examined in vitro for their bonding 
ability, e.g., in the frozen section of peripheral mouse lymph 
nodes and could then be used for in-vivo experiments for imaging. 
In the case of sufficient magnetic particles, it was possible to 
separate in advance the unbonded IgG-selectin chimera via 
magnetic columns (Miltenyi Biotec) when a magnetic field was 
employed. 

Example 15: Synthesis of Dendrimer -Chelating Agent-Signal Units 
and Coupling of Multi-His -L-Selectin 

Metal chelating agent -carrying dendrimers DSM- 64 -NTA-Gd-DTPA 
(for production, see WO 99/32154) , which contained up to 28 
gadolinum-DTPA complexes as signal units for MR imaging, were 
used. 10 fig of the dendrimers, with a bonding capacity of up to 
30 multi-His proteins per dendrimer, was charged by incubation 
with 50 mmol of nickel acetate with Ni 2 * ions for 10 minutes at 
room temperature and purified via PDlO-gel chromatography of 
unbonded Ni 2+ ions. Then, the batch was incubated with 7 mg of 
multi-His-tagged selectin molecules in 10 mmol of HEPES (pH 7.4) 
for 1 hour at room temperature. Unbonded selectin molecules were 
separated via gel chromatography by the multi-His-L-selectin 
dendrimers. The degree of concentration was on average 10-15 
multi-His-L-selectins per dendrimer. 



The bonding ability of this contrast medium construct was 
examined in vitro in a frozen section of peripheral mouse lymph 
nodes, by the complexes after the incubation having been detected 
on the frozen section with the non-blocking antibody LAM1-14 
(Mihelcic et al . , 1994) and subsequent staining with a 
fluorescent secondary antibody. 

Example 16: MR Measurement of Ex-Vivo-Agar Phantoms 

The L-selectin-Ig-chimera-protein G-magnetite constructs 
(produced according to Example 14) were intravenously injected in 
animals (mice, rats, rabbits). At previously set times (e.g., 5 
minutes, 0.5 hour, 1 hour), the animals were sacrificed (by 
injection of an overdose of anesthesia, and various organs (lymph 
nodes, spleen, liver) were removed and weighed. 

Example of in- vivo administration: 4 animals (NMRI, 
Schering SPF, 18-22 g, female) 

Anesthesia: 0.05 ml of ketamine/Rompun (2:1) i.p. 

Mouse 1 and 2 : Control animals 

Mouse 3: Received about 443 ('24.2 fig) /xl of DDM128N 
protein G i.v. (caudal vein) as a control. 

Mouse 4: Received about 525 ("24.3 fig) fil of DDM128N- 
protein G-mouse-L-selectin-Ig chimera i.v. (caudal vein). 

After 5 minutes, the peripheral lymph nodes (inguinal, 
iliac, cervical, popliteal, axial), a section of the liver and 
the spleen were removed and weighed. 

Preparation of the agar phantom: Production of an agar 
phantom: 2% agar solution (for microbiology) with 0.05 mmol of 



Magnevist (R) . Agar was heated in the microwave (settings: qick 
digest: power 70-80%, fan speed 100, time 10 minutes; pressure 
10) until the solution was clear and the air bubbles had 
disappeared. The first layer (about 1-2 cm) was loaded into a 
rectangular plastic vessel, cooling for about 30-60 minutes at 
room temperature. The organs were arranged on the agar and 
covered. with a second layer of liquid agar. The cooling was 
carried out until hardening was completed, then the phantom was 
stored in a refrigerator. 

MR measurement : The phantom was measured with various 
sequences. To determine position, a Tl-weighted sequence was 
used (e.g., TR 400/TE 15, rare factor = 2, averages = 4, matrix 
256 x 256, layer thickness 3 mm) . 

Then, the phantom was measured by means of iron (magnetite) 
sensitive sequences (T2 -weighted : TR/TE 2500/14, rare factor = 
16, averages = 4. Layer thickness 3 mm, matrix 256 x 256; 
gradient echo: TR/TE 400/15, averages = 4, 30° flip angle) . For 
the evaluation with an image processing program, ROI's (regions 
of interest) were put on the individual organs, and the signal 
intensities were determined and compared. 

Example 17: In-Vivo-MR-Measurement after Administration of L- 
Selectin-Magnetite Constructs 

The animals (mice, rats, rabbits) were anesthetized (e.g., 
ketamine/xylazine) , and the constructs were injected 
intravenously according to Example 14. At previously set times 
(e.g., 5 minutes, 1 hour, 4 hours), the animals were examined 



with magnetic resonance tomography. In this case, primarily the 
lymph nodes and inflamed areas were studied. The animals were 
positioned in the MR device, and the first study was carried out 
before the contrast medium was administered. Following the 
injection, the animal was examined at the different above- 
mentioned times with various sequences. To determine the 
position, a Tl-weighted sequence was used (e.g., TR 400/TE 15, 
rare factor = 2, averages = 4, matrix 256 x 256, layer thickness 
3 mm). Then, the animals were visualized by means of iron- 
sensitive sequences (e.g., T2-weighted: TR/TE 2500/14, rare 
factor = 16, averages = 4, layer thickness 3 mm, matrix 256 x 
256; gradient echo: TR/TE 400/15, averages = 4, 30° flip angle). 
For the evaluation with an image processing program, ROI's 
(regions of interest) were put on the individual organs, the 
signal intensities were determined and compared. Position, size 
and appearance of the individual lymph nodes were determined., 

Example 18: Direct and Indirect Coupling of NIR Dyes to L- 
Selectin-Ig Chimeras 

In a way similar to processes that are known in the 
literature by reaction with 3-aminopropyl-t-butylcarbamate, and 
release of the amino group by acidic cleavage with 

trif luoroacetic acid, 1,1' -bis- (4-sulf obutyl) indotricarbocyanine- 
5-carboxylic acid is converted into aminopropyl] -bis- 1 , 1 ' - (4 - 
sulf obutyl) indotricarbocyanine-5-carboxylic acid amide. The 
latter, referred to below as NIR dye, was covalently coupled 
directly with the mouse and rat L- select in- Ig chimeras. The 



coupling is carried out via an amino group of the dye to the 
oxidized chimeras. In this case, the oxidation was carried out 
by means of sodium periodate with a 31x molecular excess relative 
to the amount of chimera (100 fig) for 30 minutes while being 
stirred in the dark at room temperature. Then, the sodium 
periodate was separated quantitatively via a gel filtration, and 
the dye incubation was connected with 50x excess to the NIR dye. 
Then, 1/10 volume of the reducing agent dimethylborane (150 mmol 
in H 2 0) was added and incubated for another 2 hours at room 
temperature while being shaken intermittently in the dark. 
Unbonded dye and reducing agent were separated by ultrafiltration 
in phosphate buffer (0.1 M phosphate buffer, pH 7.0). The L- 
selectin-Ig chimeras could be loaded with 2-5 NIR dye molecules 
each, and their fluorescence quantum yield was about 50% of the 
starting value. The bonding ability of the NIR-L-selectin- IG 
chimeras was examined in vitro in the frozen section on 
peripheral mouse lymph nodes, by the localization of the NIR- 
fluorescent complexes being shown directly after incubation by 
means of an NIR-CCD microscope camera. 

In the case of indirect labeling, 15 fig of protein G was 
oxidized by means of sodium periodate with a 3 Ox molecular excess 
relative to the amount of protein G -- as described for the 
direct labeling -- intermediately purified and incubated with 50x 
excess on NIR dye Lil96. Reduction with dimethylborane and 
subsequent purification are carried out as described above. 
Then, 10 fig of the NIR protein G conjugates with equimolar 
amounts of mouse or rat L-selectin- Ig chimeras (60 fig) was mixed 
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overnight at 4°C in a volume of 100 fil in 10 mmol of HEPES (pH 
7.4). A separation of the individual starting components from 
the L-selectin-Ig-chimera-NIR-protein G complex that was formed 
was not necessary, since 90% of the latter had formed, and the 
remaining 10% of the L-selectin-Ig chimeras did not competitively 
hamper the binding of the complexes in vitro in the frozen 
section to peripheral mouse lymph nodes. 

Example 19: In-Vivo-NIR Measurement after Administration of L- 
Selectin-NIR- Constructs 

The animals (mice, rabbits) were anesthetized (e.g., 
ketamine/xylazine) , and the constructs were injected 
intravenously. 12 [ig per animal of directly labeled NIR-mouse-L- 
selectin chimeras (see Example 18) was intravenously injected in 
NMRI mice. One hour after the injection, it was possible to 
directly visualize the peripheral, cervical and popliteal lymph 
nodes under NIR fluorescence with an NIR-CCD camera (RTE/CCD-576 , 
Visitron Systems GmbH) . 

Example 20: Func tionalized Gas-Filled Microcapsules 

(a) Production of the Microcapsule Suspension 

7 1 of an aqueous 1% octoxynol solution at a pH of 2.5 is 
introduced into a 20 1 reactor and mixed with a rotor-stator- 
mixer at a high shear gradient so that a self-gassing with strong 
foam production is carried out. 100 g of cyanoacrylic acid butyl 
ester is quickly (< 1 minute) added and dispersed. It is 
polymerized for 60 minutes under self -gassing, whereby gas-filled 
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microcapsules are formed. In a separatory funnel, the floated 
material is separated, the supernatant is drained off, and the 
floated material is resuspended with 3 1 of an aqueous 0.02% 
octoxynol solution. The thus obtained microcapsule suspension 
has a polymer content of 9.46 mg/ml, a density of 0.943 g/ml and 
a pH of 3.5. 

(b) Functionalization of Gas-Filled Microcapsules by Partial 
Side-Chain Hydrolysis 

2500 g of a microcapsule suspension according to (a) is 
mixed with 501 g of sodium hydroxide solution of concentration 
8*10" 2 mol/1 while being stirred. A pH of 12.1 results in the 
reaction batch. It is stirred for 2 0 more minutes at room 
temperature. Then, the pH is set at 3.5 with IN hydrochloric 
acid. 

Example 21: Binding of L-Selectin to Functionalized Gas-Filled 
Microcapsules 

The microcapsule suspension according to Example 2 0 is 
purified by flotation at least 5x. 1 ml of the purified 
microcapsule suspension with a concentration of 5*10 9 particles 
per ml is rebuff ered in 10 mmol of acetate, pH 4.0, and activated 
with 0.1 M EDC/NHS. Then, it is incubated with 0.25 mg of 
protein G (5x excess) for one hour at room temperature. The 
reaction is completed by a 15 -minute incubation with 1 M 
ethanolamine . 



3 0 2007030*1 * 0SG702 

• 

The gas-filled microcapsules, to which protein G was bonded, 
are purified by multiple washing cycles by means of centrifuging 
at a maximum of 500 g. The purified, gas-filled protein-G- 
binding microcapsules are incubated overnight with 100 fig of L- 
selectin-Ig chimeras . 

50% of the amount of L-selectin was bonded to the 
microcapsules (FACS measurement: saturation series with anti- 
selectin antibodies) . 

Example 22: In -Vivo -Sonographic Measurement after Administration 
of L-Selectin-Ig-Chimera-Protein G-Polymer Microcapsules 

The rabbits were anesthetized with ketamine/xylazine . 1 ml 
of the echogeneic L-selectin-Ig-chimera-protein G-polymer 
microcapsules (L-selectin-polymer microcapsules, see Example 21) 
with a concentration of 1*10 9 particles/ml in isotonic aqueous 
dispersion was injected intravenously. As a control, protein G- 
polymer microcapsules without L-selectin-Ig-chimera concentration 
were injected. Directly after administration of the contrast 
medium, the sonographic imaging of the cervical and popliteal 
lymph nodes in the Harmonic Imaging Modus was begun. Because of 
the hepatic clearance of unbonded polymer microcapsules, the 
signal -background ratio of the L-selectin-polymer microcapsules 
that are accumulating in the target reached optimal values afer 
3 0 minutes. 
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